Background: Breast cancer is an extraordinarily hormone-dependent tumor. This study was to evaluate androgen receptor (AR) status and its significance in breast cancer in Chinese women.
introduction
Growth of breast cancer is known to be in an extraordinarily hormone-dependent manner. The critical role of estrogen receptor (ER) and progesterone receptor (PR) in the pathogenesis of breast cancer is well recognized, and they are considered important in regulating cell proliferation and differentiation. Therefore, antiestrogen therapy has been used to successfully treat some cancers. In contrast to patients with hormone receptor-positive disease, patients with ER-negative and PR-negative tumors gain little or no benefit from antiestrogen therapy. The targeted therapy with trastuzumab [antihuman epidermal growth factor receptor-2 (HER-2) monoclonal antibody] is limited to those patients with HER-2-positive disease. However, those with triple-negative breast cancer (ER2, PR2, and HER-22) lack any effective targeted therapies.
Some biochemical and immunohistochemical data have indicated the presence of androgen receptor (AR) in breast cancer tissues, and AR is expressed in a considerable proportion of cases [1] [2] [3] . Particularly, AR expression has also been reported in almost 50% of patients with ER-negative breast cancer [4, 5] , even the sole receptor in 25% of metastatic breast tumors [6] . Agrawal et al. [7] indicate that AR is the most frequently detected steroid receptor in breast cancer cells. Identifying the underlying mechanisms of AR is crucial in the design of appropriate therapies for estrogen-insensitive neoplasms. However, the role of AR in breast cancer etiology and progression has been less profoundly studied and remains as an unanswered question [8] . There have been variable results regarding the clinical significance of cells expressing AR in breast cancer. For example, androgen signaling plays a crucial role in breast homeostasis, negating the proliferative effects of estrogen signaling in the breast. In addition, androgens have been hypothesized to influence risk of breast cancer through several possible mechanisms, including their conversion to estradiol or their binding to the ER and/or AR in the breast. It is clear from both clinical and experimental settings that their effects may be mediated, in part, by binding to the AR. Peters et al. [9] assessed AR status in a cohort of 215 invasive ductal breast carcinomas; they conclude that, by binding to a subset of estrogen-responsive element, the AR can prevent activation of target genes that mediate the stimulatory effects of 17b-estradiol on breast cancer cells. On the other hand, there is also scientific evidence that androgens can directly stimulate the growth of human breast cancer cell lines. Furthermore, a cell line model for the molecular apocrine subtype of breast cancer, MDA-MB-453, demonstrates a proliferative response to androgen in an ER-independent manner, which can be reversed by using the antiandrogen agent flutamide [10] . Hence, AR is central to the initiation and growth of breast cancer and to its response to hormone therapy.
In recent years, gene expression profiling has been used to classify the breast cancers into five major subtypes: luminal A, luminal B, HER-2 overexpressing, basal-like, and normal-like subtypes [11] . The five subtypes were identified on the basis of different gene expression, genomic alterations, as well as clinical characteristics and outcome. Subsequent studies have shown that breast carcinomas can also be divided into five similar subgroups using immunohistochemical analysis with a limited panel of molecular markers (e.g. ER, PR, HER-2, and basal cytokeratins (CK), such as CK5/6, CK14) [12] . These subgroups have distinguishing features closely associated with subtypes defined by gene expression profiling, including distinct clinical outcomes [13] .
The aim of the present study was to detect the expression of AR by immunohistochemistry in breast cancer in Chinese women; to correlate AR expression with patient outcome, the degree of differentiation, ER, PR, and HER-2 status; and to evaluate its implications in five major subtypes of invasive ductal carcinoma (IDC) and in ductal carcinoma in situ (DCIS). This study may provide relevant diagnostic and prognostic information that complement clinical variables in order to propose the most adapted treatment.
materials and methods

patient characteristics
A total of 335 consecutive cases of invasive ductal breast carcinoma were collected in this study, with a mean age of 52.5 years, who underwent mastectomy at Tianjin Medical University Cancer Institute and Hospital from January 2004 to May 2004. Among these cases, 82 samples contained both IDC and DCIS components, which were also taken as DCIS adjacent to IDC group (median age 53.5 years) for comparative analysis. Thirty-four cases of pure DCIS (median age 56 years) with partial mastectomy were also involved in this study. All the patients had been treated according to modern guidelines, including the use of adjuvant chemotherapy for IDC, irradiation for lymph node metastasis, and endocrine therapy for ER-positive/PR-positive tumors. We retrospectively reviewed 66-month follow-up data. The follow-up contacts were carried out at 3-month intervals over the first year, 6-month intervals during the second year, and at 12-month intervals there after. The medical work-up consisted of regular physical checkups, imaging tests such as chest X-ray, bone scan and/or ultrasound, and to look for recurrences, second primary breast cancers, or metastatic disease. The study protocol was approved by the Hospital Human Ethical Committee. Informed consent was obtained from all patients before their surgery and the examination of the specimens.
immunohistochemical assay and evaluation of the staining Formalin-fixed paraffin-embedded tissue sections (5 lm) were deparaffinized in xylene and rehydrated in a graded series of ethanol. The slides were treated with methanol containing 0.3% hydrogen peroxide to block any endogenous peroxidase activity. Heat-mediated antigen retrieval with the pressure cooker method was used for all staining. Specific antibodies were used for immunohistochemical studies on serial tissue sections from each case. Primary antibodies used in this study included ER (SP1, 1: 200 dilution; ZETA), PR (SP2, 1: 200 dilution; ZETA), HER2 (CB11, 1: 100 dilution; Invitrogen), AR (AR441, 1: 100 dilution; LabVision), CK5/6 (D5/16B4, 1: 200 dilution; Invitrogen) and CK14 (LL002, 1: 200 dilution; LabVision).
The immunostaining was scored by two pathologists, who were blinded to patients' clinicopathologic characteristics and outcomes. For each antibody, the location of immunoreactivity, percentage of stained cells, and intensity were determined. The evaluation of each protein expression was determined from the mean of the individual cases. AR, ER, and PR stains were assessed using Allred scores [14] . CK5/6 and CK14 stains were considered positive if any cytoplasmic and/or membranous staining was observed, whereas HER-2+ was defined as strong membrane staining in >30% of the tumor cells. The immunohistochemical subtyping of breast cancer was previously described [12, [15] [16] [17] [18] , which was best matched with the gene expression patterns. Briefly, the subtype definitions were as follows: luminal A (ER+ and/or PR+ and HER-22), luminal B (ER+ and/or PR+ and HER-2+), HER-2 overexpressing (ER2, PR2, and HER-2+), basal-like (ER2, PR2, HER-22, CK5/6+, and/or CK14+), and normal like (negative for all five markers).
We assessed the correlation of AR immunoreactivity with existing parameters, such as age, tumor size, nodes, histological grade, stage, ER, PR, HER-2 status, and clinical progression, and then evaluated the implications of AR in five major subtypes of IDC, in DCIS components adjacent to IDC and in pure DCIS lesions of the breast. Disease-free survival data were available in all patients.
statistical analyses
Statistical analysis was carried out using SPSS 13.0 statistical software. The correlation analyses between the immunophenotypes and the various clinicopathological and biological factors were examined by the v 2 test, and P values <0.05 were considered significant. Disease-free survival curves were generated according to the Kaplan-Meier method. The differences between the curves were assessed using the log-rank test. Multivariate analysis was carried out with Cox regression analysis.
results
In this series of 335 patients with IDC, two died of acute cerebral accident and six lost to follow-up. Among 327 cases with follow-up data, a greater percentage (72.5%) of cases displayed nuclear immunoreactivity for AR, and AR expression was found in 53.2% (58/109) of ER2 and PR2 cases. Immunohistochemical staining of each protein marker in breast cancer tissues is illustrated in Figure 1 . AR expression was related to that of ER (P < 0.001) and PR (P = 0.035) but showed no relation to other parameters, such as age, tumor size, nodes, histological grade, stage, and HER-2 status in this surgically treated cohort (Table 1) . With a follow-up period of 66 months for the 327 invasive ductal breast cancer patients analyzed in this study, the diseasefree survival was 78.0% (255/327), while the other 22% (72/ 327) patients were died or survived with local relapse or distant metastasis. The log-rank test was used to evaluate the association between AR expression and survival. The survival curve is presented in Figure 2 and shows a median disease- (Table 3) . In 66-month interval, occurrence rate of relapse, distant metastasis or death was 44.0% (11/25) for those AR-negative tumors of the basal-like subgroup: three (12.0%) with diseaserelated death, one (4.0%) local relapse, and seven (28.0%) developing distant metastasis, whereas patients with tumors positive for AR had significantly lower risk of relapse [2 of 16 (12.5%)] in this basal-like subgroup ( Table 4 ). The expression of AR was significantly associated with improved survival. Figure 3 shows the disease-free survival curve of 41 patients with basal-like breast cancer (P = 0.036). AR was also significantly associated with improved survival in luminal A, luminal B, and normal-like subgroups (P = 0.006, P = 0.013, and P = 0.010, respectively) (data not shown). Their occurrence rate of relapse distant metastasis, or death of the three subgroups for those AR-negative and AR-positive tumors was 32.1% versus 12.4%, 54.5% versus 17.6%, and 57.1% versus 11.1% (P = 0.019, 0.044, and 0.032, respectively). While for the HER-2 overexpressing subgroup of breast cancer, the occurrence rate was 26.3% versus 37.5% (P = 0.437), and no significant difference was found between AR expression and the disease-free survival in survival analysis (P = 0.382).
For those in situ components adjacent to invasive carcinomas, 77 of 82 (93.9%) samples were positive for AR. Whereas in pure DCIS, 27 of 34 (79.4%) cases were AR positive ( Figure 4) . The percentage of AR-positive cases was significantly higher in DCIS adjacent to invasive carcinoma group than in pure DCIS group (P = 0.046). Similar significance was observed between DCIS adjacent to invasive carcinomas and IDC lesions (93.9% versus 72.5%, P < 0.001). This is demonstrated in Table 5 .
discussion
AR is a member of the steroid hormone receptor family of ligand-activated nuclear transcription factors, which share a common structure with other receptors, such as the estrogen, progesterone, glucocorticoid, retinoid, mineralocorticoid and thyroid hormone receptors [19] . The AR binds to androgen response elements located in the promoter and enhancer regions of target genes, resulting in concomitant recruitment of co-regulatory proteins and formation of an active transcription complex. The fact that sex steroid hormones and their receptors act in concert has led investigators to study the expression of AR and evaluate the role of AR signaling in patients with breast cancer.
Our data clearly showed that AR expression was a common feature of invasive and noninvasive breast carcinoma in a Chinese women population. Among 327 interpretable cases with invasive ductal breast carcinoma, 72.5% were positive for AR expression. And AR was also found in 53.2% of ER2 and PR2 breast cancers; these tumors were conventionally classified as receptor 'negative' based on estrogen and PR measurements, still contained notable amounts of AR. Accordingly, the androgen-signaling pathway may play a critical role in breast carcinogenesis. This study further indicated that AR was related to ER and PR expression in IDCs. The parameters, such as age, tumor size, nodes, histological grade, stage, and HER-2 expression, are significantly conventional prognostic factors. In contrast, AR expression did not correlate with these parameters. Moreover, the presented data showed that patients whose tumors contained AR expression had a somewhat more favorable prognosis than those whose tumors did not expressed. A multivariate analysis was also carried out and indicated AR as an independent prognostic marker. These revealed the inhibitory effect of AR on breast tumor growth.
Triple-negative breast cancer has recently been recognized as an important subgroup of breast cancer with a high risk and the aggressive clinical behavior. Relying on the three-biomarker classifier (ER, PR, and HER-2) to define breast tumors loses significant information to predict their outcome compared with the five-marker panel whose outcome more closely matches that expected by gene expression profiling [20] [21] [22] . Previous DNA microarray and immunohistochemical analyses have shown that most triple-negative tumors possess a basal phenotype and have a clinical behavior similar to basal-like behavior [23] , which are characterized by the absence of ER, PR, and HER2 expression, together with expression of the basal markers, and generally do not respond to ER-targeted treatments. In recent years, scientists have begun looking for new targets in these 'triple-negative' cancers. One that has been identified is the AR. We determined the expression rates of AR in five molecular classifications and evaluated its importance in these subgroups, especially in basal-like cancer. As shown in Table 2 , in fact, in luminal A cancers, 145 of 173 (83.8%) cases were positive for AR, also 34 of 45 (75.6%) in luminal B, 24 of 43 (55.8%) in HER-2 overexpressing, and 18 of 25 (72.0%) in normal-like subgroup demonstrated positive for AR, whereas in basal-like cancers, 61.0% showed loss of AR expression (P < 0.001), which potentially explained the poor prognosis of this group. Although so called the 'same' triple-negative phenotype, the basal-like tumors, with the presence of CK5+ and/or CK14+, showed less frequent AR expression than normal-like subgroup. Furthermore, as shown in Table 4 , a trend to a higher risk of relapse among the basal-like patients was observed, which led us to consider that lack of AR expression was significantly correlated with a more advanced disease. Our data revealed that patients whose tumors were positive for CK5/6 and/or CK14+ but loss of AR had a high probability of disease recurrence: among 11 of 25 (44.0%) patients, three (12.0%) died of disease, one (4.0%) was with relapse, and seven (28.0%) developed distant metastasis, whereas patients with tumors positive for AR had significantly lower risk of relapse [2 of 16 (12.5%)] in this basal-like subgroup. Also, Figure 3 demonstrated this tendency. A joint association might exist between AR and CK5/ 6 or CK14 expression. Further data are needed in order to clarify their biological signification and correlation between CK5/6, CK14, and AR in breast cancer.
Similarly, the AR was significantly associated with improved survival in luminal A, luminal B, and normal-like subgroups. The occurrence rate of relapse, distant metastasis or death of these three subgroups for those AR-negative and AR-positive tumors was 32.1% versus 12.4%, 54.5% versus 17.6%, and 57.1% versus 11.1%, respectively. While for the HER-2 overexpressing subgroup, the occurrence rate was 26.3% versus 37.5%. These data suggest that AR may also be a predictive factor in luminal A, luminal B, and normal-like subgroups. Interestingly, in HER-2 expressing subgroup, the recurrence rate of AR-negative tumors was slightly lower than that of AR-positive tumors, and no significant difference was found between the AR expression and the disease-free survival in survival analysis. Future studies are needed to examine the molecular mechanism underlying these findings. Our results provide an evidence that AR has prognostic and predictive value in these molecular subtypes. By adding AR as a positive marker, better outcome group can be identified. Thus, AR may provide another specific definition of breast cancer subtypes that better predicts patient survival.
Here, our data showed that there were significantly higher percentage of cases with AR expression in DCIS components adjacent to invasive carcinomas than in pure DCIS and IDC lesions of the breast, suggesting that AR might correlate with tumor transformation of DCIS to IDC, probably in the early phases of tumor progression. However, this mechanism seems to be complex. Shibuya et al. [24] indicated that intratumoral concentrations of 5a-dihydrotestosterone as well as estradiol were increased in DCIS, and androgen-producing enzymes, 5a-reductase type 1 (5aRed1), were abundantly expressed. They also showed that 5aRed1 immunoreactivity was significantly associated with Ki-67 labeling index, which is closely correlated with the S-phase fraction and mitotic index. Gonzalez et al. [2] found that AR-positive tumors had a higher percentage of cases positive for matrix metalloproteinase (MMP)-1, -7, -11, and [25, 26] . These suggest that AR may be able to regulate MMPs and contribute to an invasive potential of breast cancer cells. Additionally, Boddy et al. [27] found that the presence of AR was also significantly related with hypoxia-inducible factors (HIF), such as HIF-1a and HIF-2a, and with the key angiogenesis factor, vascular endothelial growth factor expression. It has been proved that upregulation of HIF-1a is an early event in human carcinogenesis [28] . Likewise, in breast DCIS lesions, a high level of HIF-1 was statistically significantly associated with increased microvessel density and potentially associated with more aggressive tumors [29] . These findings all suggest the importance of AR in the invasive transformation and increased proliferation of breast cancer. González et al. [30] also indicated that AR expression might represent an independent predictive factor in DCIS of the breast. Thus, complexity of androgens and AR in carcinogenesisis was compounded by the observation of specific inhibitory actions and growth stimulatory. To our knowledge, one possible explanation for the understanding of the complexity was that the tumor type, stage, and other growth factors might influence the activity of androgens and AR in either a proliferative or inhibitory direction. Also, in this current study, we found that rate of AR expression in IDC was lower than that in DCIS adjacent to IDC group. This may imply that cell divisions are most active in the evolution of DCIS into IDC and subsequently fall when cancer cells invade into the stroma. Next, some factors other than AR involved in the progression may play critical role. Our findings are leading to a new understanding of the pathogenesis of breast cancer and to the generation of new targets for diagnosis, prognosis, and prediction of therapeutic response. Koo et al. [31] analyzed AR immunohistochemical staining on chemotherapy response in 47 cases of triplenegative breast cancer. The results showed that cases with AR expression had higher cell death rates than those without in 5-fluorouracil and methotrexate chemotherapy. Toth-Fejel group's findings showed that in ER2, AR+ breast cancer cells, dehydroepiandrosterone sulfate substantially inhibited growth by 22% via the AR [32] . Therapeutic comediation of receptors may provide effective treatment of ER2 and AR+ breast cancers. In an ongoing study [33] , it is already apparent that AR inhibition with bicalutamide (an antiandrogen agent) can stabilize disease in ER2, and PR2 breast cancer if AR+. It was supported that the AR might be taken as a therapeutic target for these patients. Our results also imply that there will be higher rate of normal-like and relatively lower rate of basal-like patients may become potential candidates to respond well to AR-targeted therapy.
Since AR expression has important consequences on the prognosis and treatment of breast cancer, its presence should be precisely determined. Although we are still in the very early phase of clinical development, further studies of more cases and long-term prognostic valuation of different AR assays in patients comprising operable breast cancers should be carried out. The development of new strategies and drugs that can suppress or activate AR signaling will probably result in important clinical benefits.
